Objective: To assess the relationships between milk intake and body mass index (BMI) in a representative sample of the mainland Portuguese population. Design: Cross-sectional study. Setting: National Health Interview Survey 1998-1999. Average daily milk intake was calculated by a frequency questionnaire that also assessed the average volume of one serving. BMI was derived from the subject's reported height and weight. Subjects: A total of 17 771 men and 19 742 women aged X18 y. Results: In men, milk intake was inversely related to BMI (r ¼ À0.10, Po0.001), whereas the relationship in women was weaker (r ¼ À0.06, Po0.001). In men, prevalence of milk consumers was lower in obese (62%) and in overweight (68%) than in normal weight subjects (71%, Po0.001). After adjusting for age, region, physical activity, smoking, number of meals and educational level, milk intake decreased with increasing BMI (adjusted mean7s.e.: 28075, 26675 and 24677 ml/day for normal, overweight and obese subjects, respectively, Po0.001), even after excluding subjects who did not consume milk (36875, 35376 and 34678 ml/day, Po0.02). In women, prevalence of milk consumers was lower in obese (71%) and in overweight (72%) than in normal weight subjects (76%, Po0.001). In women younger than 55 y, milk intake decreased with increased BMI categories (29179, 271710 and 269711 ml/day for normal, overweight and obese subjects, respectively, Po0.001), whereas no relationship was found in the older group. Conclusions: Increased calcium intake is slightly but significantly negatively related with BMI in men and premenopausal women. The lack of relationship in older women might be due to the hormonal status, but awaits further investigation.
Introduction
Several epidemiological and experimental studies have shown that dietary calcium intake is negatively related to body mass index (BMI), both in adults [1] [2] [3] [4] and in children. 5, 6 Overall, each 300 mg increment in regular calcium intake is associated with approximately 1 kg less body fat in children, and 2.5-3.0 kg lower body weight in adults. 2 Davies et al 7 also reported a negative association between calcium intake and BMI in women; in their study of five separated studies on calcium intake for osteoporosis in which weight was also recorded, an increment in the calcium intake of 100 mg/day led to a 0.82 kg weight decrease. Based on the four observational studies, they also estimated that the calcium intake could explain 3% of body weight variability. 7 This led some authors to suggest that the prevalence of obesity (or weight gain) in women could be reduced by as much as 60-80% if an adequate calcium intake could be provided at the population level. 8 Still, calcium in the form of dairy products appears to exert a greater effect on attenuating fat deposition than a comparable quantity of elemental calcium. 9 For instance, patients maintained on a milk-based diet showed a greater weight loss (7.0 vs 1.7 kg) than those maintained on a conventional hypocaloric diet at the same level of energy intake. 10 Further, other studies have shown that supplemental calcium might not be that effective in reducing weight or body fat mass. 11, 12 To our knowledge, apart from the National Health and Nutrition Examination Survey 1 and a study conducted in Northern Norway, 13 there is very little information on the relationships between dairy calcium intake and BMI at the population level, and virtually no information regarding Southern European countries. Thus, we used the data from the Portuguese National Health Interview Survey conducted in 1998-1999 to assess the relationships between milk intake and BMI status in a representative population sample.
Subjects and methods
The Portuguese National Health Interview Survey The National Health Survey 14 was conducted between
October 1998 and September 1999. The sampling frame included all subjects living during that period in individual housing (collective housing such as hospitals, prisons, military barracks or retirement houses were excluded). The autonomous regions of Azores and Madeira were not included in the sampling frame. The final sample was considered representative of the main regions of mainland Portugal (North, Center, greater Lisbon area, Alentejo and Southern Algarve). The sampling unit was the house, and the basic structure to organize data collection was derived from the population and housing census of 1991. Two strata were defined: the freguesias (corresponding to counties), and within the freguesias, geographically defined units of approximately 300 lodgings. All subjects living in the sampling unit (house) were surveyed. Data were collected by trained staff according to a standardized protocol 15 and a quality control was conducted by re-applying (by a different interviewer) the same questionnaire to 10% of the initial sample. 16 Participation rate was 82% and 21 808 sampling units were surveyed, corresponding to a total sample of 48 606 subjects.
Data collection
All data (socio-educational level, smoking and physical activity) were obtained by interview using questionnaires. Height and weight were self-reported and collected among adults only (X18 years). Overweight was defined as a BMI X25 and o30 kg/m 2 and obesity as a BMIX30 kg/m 2 .
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Subjects whose BMI was lower than 18.5 kg/m 2 were excluded from the analysis. Usual activity at work was classified into four groups (mainly sitting with little walking, mainly walking or standing, carrying small weights or climbing stairs, heavy workload). Leisure time physical activity was also classified into four groups. Educational level was assessed by the number of years spent in school, and classified into four groups: less or equal to 6 years (À6]), more than 6-12 years (]6-12]) and more than 12 years (]12-). Smoking was assessed in three categories (current, previous, never). Five geographical regions were assessed (North, Center, Greater Lisbon area, Alentejo and Algarve). Since no data were available regarding menopausal status, women were considered as menopaused if aged X55 years.
Average daily milk intake was obtained by asking the subject how many days per week he/she consumed milk and how many glasses of milk he/she consumed on average per day, as well as the average volume of each serving (assessed by visual aids). Average reported milk intake was expressed in millilitres and subjects whose daily milk consumption was higher than 2 litres were excluded from the analysis. Subjects were considered as milk consumers if they reported any amount (higher than nil) of milk intake. Milk consumption was further categorized into five groups: one group included only nonconsumers, and the other four groups represented the quartiles of milk consumption. The quartiles were obtained using the following cut-points: for men, 175, 250 and 500 ml/day; for women, 150, 250 and 500 ml/day. The number of meals (breakfast, lunch, dinner,y) consumed the previous day was also assessed, but it was not possible to quantify the amount of food consumed in each meal.
Statistical analysis
Statistical analysis was conducted using SAS version 8.0 and Enterprise Guide version 2.05 for Windows (SAS Institute, Cary, USA). Qualitative variables were expressed as number of subjects (percentage) and quantitative variables were expressed as (adjusted) mean7s.e. Between-group comparisons were performed using w 2 -test for qualitative variables and unpaired Student's t-test for quantitative variables. Relationships between milk intake and BMI were assessed by Spearman's nonparametric correlation. Multiple univariate analyses for quantitative variables were conducted using a general linear model (PROC GLM). Post hoc between-group analyses were conducted using Scheffe's method. The odds ratios for obesity according to milk consumption were computed by logistic regression analysis. Owing to the number of tests performed, statistical significance was defined as Po0.01.
Results
Sample's characteristics Of the total sample (48 606 subjects), 39 640 (18 663 men and 20 977 women) were adults for which reported height and weight were available. Of these 39 640 adults, 137 (84 men, 53 women) had no data on milk consumption, another 1837 (715 men, 1122 women) had a BMIo18.5 kg/m 2 and finally 153 (93 men, 60 women) reported a daily milk consumption higher than 2 l. The selection criteria steps are summarized in Figure 1 . The final sample thus included 37 513 subjects (17 771 men, 19 742 women), and their main
Milk intake and obesity in Portugal P Marques-Vidal et al characteristics are summarized in Table 1 . Women were older, had a lower educational level, smoked less, were more frequently obese and less frequently overweight and reported a lower physical activity (both workplace and leisure time) than men. Conversely, no differences were found between genders for the number of meals consumed the day before.
Consumption of milk and BMI status
In both genders, a slight but significant negative relationship between milk intake and BMI was found, r ¼ À0.11 for men and r ¼ À0.06 for women (both Po0.001), and this relationship remained when the analysis was restricted to subjects who consumed milk: r ¼ À0.10 for men and r ¼ À0.04 for women (both Po0.001). In both genders the prevalence of milk consumers increased with decreasing BMI: in men, 62, 68 and 71% in obese, overweight and normal weight subjects, respectively (Po0.001); in women, the corresponding numbers were 71, 72 and 76% (Po0.001).
The average reported daily milk consumption in normal, overweight and obese subjects is indicated in Table 2 . In men, obese and overweight subjects reported a lower daily consumption of milk than normal weight subjects (Po0.001), and this difference remained statistically significant after adjusting for age, region, physical activity (workplace and leisure time), smoking, number of meals and educational level. Interestingly, these differences remained when the analysis was restricted to milk consumers. Finally, subjects in the highest quintile of milk consumption had a significantly lower odd of being obese relative to nonconsumers, OR ¼ 0. In women, normal weight subjects had a higher consumption of milk than overweight or obese subjects (Po0.001), but this difference was no longer significant after adjustment for age, region, physical activity (workplace and leisure time), smoking, number of meals and educational level. Restricting the analysis to milk consumers also led to nonsignificant results (Table 2) . Further, multiple univariate logistic analysis showed that the risk of being obese was comparable in the highest quintile of milk consumption relative to nonconsumers (OR ¼ 0.92, 95% CI [0.81-1.03], P ¼ 0.15). Similar findings were obtained when the analysis was restricted to milk consumers: OR ¼ 0.97, 95% CI [0.85-1.11] for the highest quartile relative to the lowest (P ¼ 0.67).
Consumption of milk and BMI status by menopausal status
When women were divided into younger or older than 55 years (a surrogate marker for menopause), considerable differences were found regarding the relationship between milk consumption and BMI: for the younger group, an inverse relationship between milk intake and BMI was found (r ¼ À0.11, n ¼ 11 277, Po0.001), whereas no relationship was found in the older age group (r ¼ 0.01, n ¼ 8465, P ¼ 0.32). Further, in the younger age group, milk intake decreased significantly between normal, overweight and obese subjects, whereas no differences were found for the older age group (Table 3) . Restricting the analysis to milk consumers led to similar results on univariate analysis (Table 3) . Still, after multiple univariate analysis, the difference was no longer statistically significant in the younger age group (Table 3) , but Scheffe's analysis of the means showed normal weight subjects to have a significantly (Po0.05) higher milk intake than overweight or obese subjects (not shown). Multiple univariate analysis adjusting for region, physical activity (workplace and leisure time), smoking, number of meals and educational level showed a significant interaction between age group and milk intake for BMI (Po0.001), and this interaction persisted when the analysis was restricted to milk consumers (not shown). Further, in the younger age group, women in the highest quintile of milk consumption tended to present a lower odd of being obese relative to nonconsumers 
Discussion
To our knowledge, this is the first report on the relationships between calcium intake and obesity in a South European country. Our data indicate that milk intake (a surrogate marker of calcium intake) is inversely related to BMI in men and in premenopausal women, but not in postmenopausal women.
In this study, milk intake was significantly related to lower BMI in men, and this negative relationship persisted after multiple univariate adjustment or after excluding nonconsumers. Also, subjects with the highest milk consumption had a lower odd of being obese. These findings are in agreement with other studies conducted in children, 18 younger men, 19 in the USA 1 or in Iran, 4 and provide further evidence that increased calcium intake from dairy products is associated with a lower BMI. Like other studies, 13 no relationship was found between milk intake and BMI in the whole sample for women. Nevertheless, when women were separated according to age into premenopausal and postmenopausal status, a significant relationship between milk intake and BMI was found in the younger age group. Further, in this survey, a significant interaction was found between menopausal status and milk Milk intake and obesity in Portugal P Marques-Vidal et al intake on BMI status, a finding in contradiction to another study that focused on the effect of supplemental calcium on weight loss. 12 A possible explanation is that dairy calcium might be more effective than supplemental calcium in weight reduction, 20 and a further look at the data from the study of Shapes et al. 12 shows that premenopausal women on supplemental calcium tended to lose more weight and fat mass than controls (6.4 vs 4.1 kg and 5.1 vs 2.9 kg weight and fat mass loss, respectively). Thus, our data indicate that the effect of calcium (milk) intake on BMI might be partly related to hormonal status in women, although the precise mechanism remains to be assessed. Another possible mechanism by which calcium intake reduces BMI would be by increased fecal fat excretion, as recently suggested by Jacobsen et al.
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This study has several limitations: height and weight were self-reported, leading to a possible underestimation of overweight and obesity. 25, 26 Still, reported height and weight data have been used in other epidemiological studies 27 and the bias is conservative, since overweight or obese subjects (misclassified as normal or overweight, respectively) would tend to decrease milk consumption in normal and overweight groups, thus decreasing the magnitude of the observed differences. Another limitation is the scant information regarding diet, which precluded a better assessment of calcium intake of the subjects; for instance, there was no information regarding the consumption of other dairy products such as yogurt and cheese, or other calcium-rich foodstuffs. Unfortunately, apart from regional dietary surveys of limited scope, Portugal has no data on the dietary habits of the general population. Still, available information indicates that milk is the main dairy product consumed; 28 thus, it is likely that most of dietary calcium comes from milk. Finally, since no data were available regarding hormonal status in women (menopause or hormone replacement therapy), all women aged 55 years or more were considered as postmenopausal, a method already used in other studies 29 that is also relatively conservative, since postmenopausal women on hormone replacement therapy would tend to strengthen the relationship between milk intake and BMI in the older age group. Further, restricting the premenopausal group to women aged 45 years or less further strengthened the inverse relationship between milk intake and BMI (Spearman's rank correlation ¼ À0.13, Po0.01) and led to a borderline significant lower odd for being obese of women in the highest consumption quintile relative to nonconsumers (OR ¼ 0.72, 95% CI [0.55-0.93], Po0.02). Finally, protein has been shown to increase satiety and a protein-rich diet can induce more weight loss than a carbohydrate-rich diet; thus, an increased milk intake would lead not only to an increased calcium intake but also to an increased protein content, thus biasing the results. Unfortunately, the nutritional data collected by the National Health Interview Survey 1998-1999 were scarce and did not allow the calculation of total protein intake. Still, further adjustment on intake of fish or meat the day before the interview did not change the results (not shown). It is expected that the forthcoming National Health Interview Survey, scheduled to begin in 2005, will allow a more precise estimation of the individual nutrient intake and thus clarify this relationship.
In this study, it was decided not to include subjects with a BMI lower than 18.5 kg/m 2 since this status could be related to illness, undernourishment or other eating difficulties. However, since the highest prevalence of low BMI was found among elderly subjects, this could have biased the relationship between milk intake and BMI. Notwithstanding, introducing subjects with a BMIo18.5 kg/m 2 into the model did not change the results (not shown). Finally, restricting the analysis to subjects consuming less than 1 litre of milk per day did not change the results (not shown). In summary, our data indicate that milk (and possibly calcium) consumption is slightly but significantly inversely related to BMI, and that obese or overweight subjects have a lower reported milk intake than normal weight subjects. Further studies are needed to better assess the calcium intake of the Portuguese population in order to confirm these findings.
